Background
Organophosphorus compounds (OPs) are chemical substances that pose a significant toxicological threat. OPs poisoning prevail in developing countries in industry and agriculture, both in acute and chronic forms [1] . Their availability and toxicity involve them in accidental intoxications and suicides.
The OP penetrates via the respiratory tract, alimentary tract and dermal integuments. With the increase of endogenous acetylcholine concentration, these substances affect muscarinic ACh receptors functions (central nervous system, heart muscle, bronchi, alimentary tract) and nicotinic ACh receptors (muscular lamina), and they exert direct toxic influence on the central nervous system [2, 3] . OP affects cholinesterase of all types, including acetylcholinesterase (AChE), which is found mainly in the tissues transmitting nerve impulses, in erythrocytes cellular membrane and in pseudocholinesterase (butyrylcholinesterase, BChE) which is present in plasma, liver, pancreas and adrenal glands. Over the course of time, OP-cholinesterases complex becomes irreversible [4] ; the complex dissociation being a process that is 10¹² times slower than its formation [5] .
AChE reconstruction takes place and it is assessed as 1% a day, whereas BChE reconstruction seems to be a faster process [6] .
Toxic effects of OP include a wide range of symptoms, and death resulting from poisoning may take place within several seconds or minutes [7] due to heart beat disturbance, pulmonary insufficiency or multi-organ failure. Standard treatment of OPs poisoning includes atropine administration, AChE restoration therapy with oximes, and general intensive care for the prevention of secondary organ damage.
case report
A 16-year-old male rural resident was admitted to the Acute Poisonings Ward of the Specialistic Hospital in Wrocław, Poland due to suicidal oral poisoning with Parathion, an OP pesticide. The poisoning occurred 4-5 h before the patient was seen in the hospital. Delayed diagnosis hindered application of oximes before the admission to the Acute Poisonings Ward, and the patient had received only atropine. On admission, his Glasgow Coma Scale was 11, he revealed contracted and non-sensitive to light pupils, unobstructed respiratory tract and respiration rate 32/min.
Oxygen by mask was applied with 50% concentration. On auscultation, prolonged vesicular murmur was detected and single dry rales were heard. His systemic blood pressure was 100/55 and ECG noted normogram and accelerated sinus rhythm 125/min. The skin was pale and moist, and his body temperature was 37.4°C. The patient's abdomen was extended and tender. Vomiting and diarrhea appeared, as well as sialosis and urine incontinence. Blood gas analysis revealed respiratory acidosis (pH 7.26) with carbon dioxide retention (paCO2 6.8kPa) and tendency towards hypoxia (paO2 7.6kPa at FiO 2 0.5).Toxicological screening for alcohols, salicylates and paracetamol was negative.
On the first assessment, cholinesterase activity determined by colorimetry was 12% [8] and after 6 hours it dropped below the determination level. Routine treatment with atropine infusion (totally up to 100 mg/day) and obidoxime 3 mg/kg every 8 hours was introduced. Due to psychomotor hyperactivity and anticonvulsive prophylaxis, benzodiazepine group drugs were intravenously administered. Multiorgan failure symptoms increased despite administered treatment, including pulmonary, hepatic and renal insufficiency, alimentary tract disturbances and CNS. Hence, the patient received sedation and intratracheal intubations were applied. Respirator treatment with pressure-controlled ventilation (PCV) was initiated with the respiration rate 14/min, PEEP 5 cm H 2 O, PIP 18 cm H 2 O, and FiO 2 0.4. Although the treatment was continued, the patient's condition worsened, symptoms of paralytic obstruction of gastrointestinal tract were observed and pulmonary dysfunction was noted. On the fifth day of treatment (the third day of ventilation) cholinesterase concentration still remained undetectable; hypotonia and bradyarrhythmia increased. In the experience of the medical staff, in patients intoxicated with OP, such symptoms usually preceded circulatory arrest.
Although there were no hematologic indications (hemoglobin level 11.4 g/dl), the trial of cholinesterase substitution was made by 500 ml of full blood transfusion. Six hours after the transfusion, the patient's condition improved, and respirator treatment was discontinued. At that moment, AChE level was 55%. The enzyme serum level on the next day dropped to 44%. The treatment with anticholinergic agents and obidoxime was continued, and the levels of pseudocholinesterase and cholinesterase increased gradually. At the same time, the patient's consciousness improved so that it was possible to discharge him home on the 16 th day after his admission to the hospital.
discussion
A total of 19 patients were treated in our centre for similar intoxications over the past 4 years. During the 2 years preceding cholinesterase substitution, 11 patients were treated and 7 of them required respirator treatment, and 6 patients died despite routine obidoxime and atropine administration (high doses in some cases).
During the next 2 years, cholinesterase activity early substitution by full blood transfusion was introduced in 7 patients with OP intoxication; the enzyme initial levels were 18-23%. After the transfusion, cholinesterase level increased up to 48-55%. Respiratory insufficiency requiring respirator treatment was not observed in any of these patients and they could leave the hospital without any serious sequels. The 7 th patient was admitted in agonal condition with bradyarrhythmia 16/min, and although treatment was initiated, he died before blood transfusion could be performed.
OP intoxications are potentially fatal poisonings which result from both accidental and purposeful contact with the toxic substance. These poisoning are acute or chronic, with the risk of remote consequences, and have been discussed by Spielberg and Hellman [9] . The goal of this case report is to present additional therapeutic options in the acute stage of intoxication in patients with extremely low cholinesterase, in whom atropine or specific antidote treatment
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were ineffective due to the formation of irreversible combination of OP and cholinesterase.
Doenicke et al discussed the possibility of plasma use after suxamethonium application [10] in patients with prolonged muscular block caused by BChE congenital insufficiency, and suggested full blood transfusion as a possible alternative for exogenous enzymes substitution. Another possible benefit of whole blood transfusion could be delivering a certain amount of erythrocyte cholinesterase -a potential target substrate for OP. Increasing the AChE activity over 30% correlates with normal neuromuscular transmission and possibly better weaning conditions, which could influence the overall outcome [11] . The application of blood specimens in order to substitute cholinesterases in OP poisoning, can lead to restoration of enzymatic function by its bioscavenging effect [12] . According to Güvens, similar effects have been reached by plasma exchange therapy by plasmapheresis [13] . Other promising strategies include specific administration of human BChE substitutes [14, 15] . Bioscavenging therapy could influence the effectiveness of conventional reactivator/atropine-based management.
conclusions From our experience, early blood transfusion can reduce the extent of toxic symptoms and prevent further progression of toxic effects of OP. This concept, however, needs further evaluation under the RCT conditions.
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